Thirty-seven cases of juvenile pilocytic astrocytoma were reviewed retrospectively to determine their CT and MR characteristics. All cases occurred in pediatric patients, except for one in a young adult. There was a propensity for tumors to be located around the third and fourth ventricles. On CT the tumors were all sharply demarcated and smoothly marginated and rarely had associated edema. The lesions tended to be round or oval. The tumor matrix was most often hypo-or isodense with marked enhancement. Cyst formation, either micro-or macrocystic or combined, was frequently observed, and tumor calcification occurred occasionally. On MR the tumors appeared hypo-or isointense on T1-weighted images and hyperintense on T2-weighted images.
Juvenile pilocytic astrocytoma is a distinctive histologic subtype of astrocytoma occurring predominantly in children and young adults and distinguished by a relatively benign clinical course. Histologically it has a characteristic appearance with an alternating pattern of compact bipolar pilocytic (hairlike) astrocytes and loosely aggregated protoplasmic astrocytes, the latter of which often undergo microcystic degeneration.
Although this astrocytoma is well known to neurooncologists and neurosurgeons, its radiologic characteristics have not been well described. In this retrospective study, we evaluated the CT and MR appearances of this distinctive astrocytoma in an attempt to improve presurgical diagnostic accuracy.
Materials and Methods
Thirty-seven cases of histologically proved juvenile pilocytic astrocytomas were collected for this retrospective study. The 17 males and 20 females were 6 months to 28 years old (mean, 7.1 years) at presentation. However, in 29 patients (78%) the disease was diagnosed within the first decade of life; there was only one adult (> 20 years). Five patients (14%) had stigmata or a family history of neurofibromatosis.
Thirty-seven pretreatment CT and five MR studies were available for review. CT was performed routinely before and immediately after IV administration of iodinated contrast medium with a slice thickness of 4-10 mm ; occasionally, delayed scans were obtained . T1-weighted spin-echo images, 600-800/17-20 (TRJTE); proton-density images, 2000/20-30; and T2-weighted images , 2000/80-90 , were obtained in the MR studies . The location , size, configuration , and margins of the tumors were evaluated in addition to the CT density, contrast enhancement, and MR intensity. The presence of tumor calcification , micro-(diameter, ~1 em) or macro-(diameter, > 1 em) cyst formation, as well as associated edema or arachnoid cyst was also recorded.
Results
The locations of tumors were: optic chiasm and hypothalamus, 17; cerebellar vermis , seven; cerebellar hemisphere, four; cerebral hemisphere, four (three in the AJNR :1 0, March/April 1989 temporal lobe and one in the frontal lobe); intraventricular, two; septum pellucidum , one ; thalamus , one ; and optic nerve, one (Table 1) . Among 17 cases of chiasmallesions , nine had downward extension into the pituitary fossa ( Fig . 1 ) , three had anterior extension into the optic nerve (Fig. 2) , and three
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had posterior extension into the postchiasmal optic pathway (Fig. 3 ). All four cerebellar hemispheric lesions were located medially near the vermis (Fig . 4) . The two intraventricular tumors were identified within the anterior lateral ventricles (Fig. 5) . The septal and thalamic lesions were located in the (8) axial CT scans show isodense enhancing pilocytic astrocytoma arising from septum pellucidum. This sharply demarcated round tumor was proved to be subependymal at surgery. ft §:
after IV contrast administration, at least to a moderate degree c u:::
~ and usually markedly. Tumor calcifications were identified in a:
four cases (11 %), including two chiasma! lesions, all in the f= c c § §
form of flecks (Fig. 8 ). Twenty-five cases (68%) had cyst c c o't:
formation; microcysts were observed in 1 0 cases , macrocysts
a: a. a: a. a: a_ a: a_ a: a_ §;;
in 11 cases, and a combination of both in four (Fig. 9) . Mild c ~ ~~ vasogenic edema was associated only in two cases, one in
E s~ the cerebral and the other in the cerebellar hemisphere. An
associated arachnoid cyst or subarachnoid-space dilatation 
hypointense relative to brain on T1-weighted and hyperin-
tense on T2-weighted images in all five patients who had MR . [2) . This gives a definite biphasic pattern to the tumor when ·c:
viewed under low-power magnification (Fig. 13) . In contrast e features of various gliomas are outlined in Table 2 . B, Right frontal pilocytic astrocytoma. Well-defined macrocyst is associated with strongly enhancing mural nodule. Neoplastic cells are elongated, with bipolar processes, but growth pattern is diffuse. Other areas of this neoplasm were highly pleomorphic and showed coagulation necrosis. (H and E, x600) wall of the cyst. This tumor nodule is soft and red-tan , because of rich vascularity . The tumors commonly occur in children and young adults. The most frequent locations are the cerebellum, the optic nerves or chiasm (optic-nerve glioma), and the region around the third ventricle. Less often, juvenile pilocytic astrocytomas can be found in the cerebral hemispheres and lateral ventricles. These tumors are the most common astrocytic neoplasm in the cerebellum of children. The diffuse (adult type , nonbiphasic) pilocytic astrocytomas are distinctly less common than the juvenile type in children. Biologically, the juvenile tumors are low grade. After complete surgical excision , they almost never recur. Even those examples that are incompletely resected are slow growing, and , unlike diffuse astrocytomas of the cerebrum, do not undergo malignant transformation to a more anaplastic form [4] . Juvenile pilocytic astrocytomas are well known for their association with neurofibromatosis, and in this entity they are usually confined to the anterior optic pathways; for example, the optic nerve and chiasm [5] [6] [7] [8] . In our series five juvenile pilocytic astrocytomas were associated with neurofibromatosis; three were centered at the optic chiasm, one involved the optic nerve, and one was within the frontal horn of the lateral ventricle .
Several characteristic findings were observed in our radiologic review. Except for occasional hemispheric lesions, these tumors tend to be found around the third ventricle supratentorially and the fourth ventricle infratentorially; that is, in the optic chiasm and vermis , respectively . All lesions appear sharply demarcated and smoothly marginated and often are round or oval in configuration , except when located in the optic chiasm or optic nerve. At these sites the tumor has a tendency to grow along the optic pathway, giving a multilobulated or dumbbell appearance. Most often the tumor matrix appears hypo-or isodense and enhances strongly on CT. The character of contrast enhancement of juvenile pilocytic astrocytomas is distinctive when compared with the more frequently occurring low-grade fibrillary astrocytomas, which often present as hypodense, nonenhancing masses [9 , 1 0] . This CT observation might be explained by increased tumor vascularity, which is constantly observed in the pilocytic astrocytomas and absent in the low-grade fibrillary astrocytomas. The frequent absence of associated edema is indicative of the low malignancy of this particular astrocytoma. Interestingly, two patients in our series were seen initially with an arachnoid cyst draped around the tumor. Its indolent growth and tendency to infiltrate along the arachnoid with secondary fibrotic changes might explain the secondary development of an arachnoid cyst. To our knowledge, this has not been reported in association with other brain tumors. Tumor calcification , which occurred rarely , tends to be flecklike. Formation of either micro-or macrocysts is observed frequently in pilocytic astrocytomas. Macrocysts tend to occur in cerebral or cerebellar lesions and rarely in the lesions along the optic AJNR :10, March/April 1989 JUVENILE PILOCYTIC ASTROCYTOMAS (Fig. 14) . Comparison between MR and concurrent CT scans shows MR to be superior in delineating the tumor extent, particularly in the postchiasmal optic pathway [8 , 11, 
12].
The differential diagnosis of juvenile pilocytic astrocytoma includes craniopharyngioma, germinoma, loculated leptomeningeal metastasis , and invasive pituitary adenoma in the chiasma! region; medulloblastoma and ependymoma in the posterior fossa; and intraventricular or subependymal oligodendroglioma and ependymoma in the paraventricular cerebral hemisphere. Craniopharyngiomas tend to be densely calcified and often have macrocysts (13] , while chiasma! pilocytic astrocytomas calcify rarely and the cysts are often
